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Abstract 
Manipulation of neuronal growth has important applications in regenerative biomedicine and bioengineering. This 
study demonstrates the use of silver nanoparticles as nanotopographical cues to promote neurite outgrowth in vitro. 
We find that the silver nanoparticles function as favorable anchoring sites and that the growth on substrates coated 
with silver nanoparticles leads to a significantly enhanced neurites outgrowth. A comparison with other materials 
demonstrates a clear silver material-driven promoting role in addition to the nanotopographical effect. Our results, 
combined with the antibacterial effect of silver nanoparticles, propose silver nanoparticles as an attractive 
nanomaterial with a dual activity for the design of therapeutic platforms for neuronal repair. 
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1. Introduction 
Neurons grow and function while sensing and responding to a wide range of chemical and physical 
environmental cues through the tips of their developing neurites. It has been recognized that neurons are highly 
influenced by the physical properties of substrates, including topography at the micro- and nano- scale [1-4]. We 
examine the combination of physical and chemical stimulations by using active materials as the nanotopographic 
platform to promote neuronal regenerative response.  
In this study we investigate the effect of silver nanoparticles (AgNPs), which are known for their excellent 
antibacterial activity [5,6], on neuronal growth. We grow human neuroblastoma cells (SH-SY5Y) on surfaces 
coated with AgNPs and quantify the effect of the nanoparticles on the development and morphology of the 
neurites. We compare the effect of AgNPs to the effect of other materials such as gold nanoparticles and test the 
influence of the density of the nanoparticles. 
2. Experimental details 
We fabricate glass substrates coated with AgNPs at a controlled average density of 10-50 particles/μm2. Glass 
substrates are coated by a sonochemical deposition of AgNPs as described previously by Perkas et al. [7]. This one 
step reaction procedure is simple, effective, and non-toxic. We use uncoated glass substrates and glass substrates 
sputtered with homogenous layer of silver (Ag-sputtered) or gold (Au-sputtered) as controls. Substrates coated with 
gold nanoparticles (AuNPs) or zinc oxide nanoparticles ZnONPs) are used as additional controls. Cells are plated 
on the substrates and followed daily for up to a week using light microscopy. We study the effect of the 
nanoparticles on the fine processes of the cells using high resolution electron microscopy (HRSEM). Fig. 1 
presents a schematic description of the experimental procedure. 
 
 
Fig. 1. The experimental procedure. SH-SY5Y cells are grown on top of glass substrates coated with silver, zinc oxide or gold nanoparticles. 
Uncoated glass substrates, and substrates sputtered with homogenous layer of silver or gold are used as controls. HRSEM is used for imaging 
and analysis of the effect of the nanoparticles on neurites growth and morphology. 
27 Noa Alon et al. /  Procedia Engineering  59 ( 2013 )  25 – 29 
3. Results and Discussion 
The substrates are characterized using SEM and AFM, and the amount of Ag (wt%) is evaluated using energy 
dispersive X-ray analysis (EDAX) (Fig. 2). The amount of silver is 1.6% (wt.) for surfaces coated with 10 
particles/μm2, and 12.7% (wt.) for surfaces with 50 particles/μm2 coating. We first examine the effect of AgNPs on 
cell viability. 
 
 
Fig. 2. Characterization of coated and glass surfaces. SEM images (i) and AFM analysis (ii) of (a) a surface coated with AgNPs, (b) Ag-
sputtered surface, and (c) uncoated glass surface. Scale bar: 1 μm. Ra represents surface average roughness. 
The morphology and development of SH-SY5Y cells grown on AgNPs appear normal under light microscopy 
observations, similar to cells grown on glass substrates (Fig. 2a and 2d). An apoptosis and necrosis detection assay 
shows similar percentage of apoptotic and necrotic cells on both the control and AgNPs-coated substrates (as 
described in [8]). To further evaluate cell viability, cells are transfected with green fluorescent protein (GFP). 
Viable cells show clear green fluorescence (Fig. 2b). 
 
 
Fig. 3. Light and fluorescent microscopy images of SH-SY5Y cells on coated and uncoated substrates. (a) Cells grown on AgNPs-coated 
substrate appear viable with normal morphology. (b) Cells grown on AgNPs-coated substrate and transfected with GFP are expressing the 
protein and show a clear green fluorescence. (c) Cells grown on Ag-sputtered substrate (partial transparent), and (d) on uncoated glass substrate. 
Scale bar: 50 μm. 
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To quantify the effect of AgNPs on the neurites initiation and development, we measure the number of neurites 
emerging from the soma per cell and the number of neurites in a radius of 5 μm from the soma (as illustrated in Fig 
4a). The effect of AgNPs on the initiation of neurites, compared to control substrates, is presented in Fig 4b. The 
mean number of neurites emerged from cells grown on AgNPs-coated substrates is significantly enhanced in 
comparison to glass substrates (2.8±0.2 times more, p<0.001) and to Ag-sputtered substrates (1.8±0.1 times more, 
p<0.01), demonstrating the important role of topographical cues on neurites outgrowth.  Interestingly, cells grown 
on Ag-sputtered substrates have also developed more neurites compared to uncoated glass substrates (p<0.001). 
This result indicates a material-driven promoting effect of the silver on neurites initiation. The number of neurites 
emerging from the soma of cells grown on AgNPs is also significantly higher in comparison to AuNPs (ratios of 
2.8±0.2 and 1.4±0.1, respectively, p<0.001) and to ZnONPs (ratio of 1.1±0.1, p<0.001). Both AgNPs and AuNPs 
substrates have led to a significantly higher number of neurites initiated from the soma in comparison to sputtered 
substrates of the same materials. Cells grown on the Au-sputtered substrates show similar statistics as on the glass, 
in contradiction to the silver. These results present a maximal promoting effect of the silver combining material-
driven and nanotopographical effects. Figure 4c demonstrates a comparison between Ag-sputtered surfaces and the 
two densities of AgNPs-coated substrates, low density (10 particles/μm2) and high density (50 particles/μm2). 
Lower parts of the bars represent the number of neurites per cell divided by the amount of silver, as obtained from 
EDAX analysis. Average of 24 neurites are counted for cells on low density of AgNPs, as compared to only 3 for 
high density of AgNPs and 1 for cells on Ag-sputtered substrates. 
 
 
 
Fig. 4. (a) HRSEM image of a cell grown on AgNPs-coated substrate. The locations at which neurites were counted are represented by the 
schematic inner red circle and outer green circle, emerging from the soma and 5 m from the soma, respectively; (b) A comparison of the 
relative number of neurites emerging from the soma between glass, silver, gold, and zinc oxide nanoperticles substrates, Ag sputtered substrates 
(AgSput) and Au sputtered substrates (AuSput). Data is normalized to glass substrate; (c) A comparison between two densities of AgNPs and 
Ag-sputtered substrates. Lower parts of the bars represent normalized data relative to the amount of silver for each substrate. Data is presented 
as mean±S.E., n=8, *p<0.05, **p<0.01, ***p<0.001. 
a
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4. Conclusions 
In this study we report the novel use of AgNPs as a regenerative nanomaterial. The analysis at the single neurite 
level reveals an increased neurites formation and growth on AgNPs-coated substrates. The promoting effect is 
reduced when the cells are grown on higher density of particles, thus demonstrating an optimized density for 
promoting repair. Furthermore, we present a clear material-driven promoting role for AgNPs substrates in addition 
to the nanotopographic effect. Our results, together with the silver antibacterial properties and the enhanced effect 
in comparison to other nanomaterials, propose AgNPs substrates as a promising nanomaterial for neuronal repair 
applications. 
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